only a few days after celebrating his ninety-fourth birthday. Though he never became a public figure in the popular sense, his highly indivi dual manner, his obiter dicta, his vast range of interests and knowledge, acti vities and influence, his self-confidence and drive, and his charm, combined to make him a legendary figure to the many who knew him.
science was whetted. In 1894 he went on to Dulwich, where H. B. Baker, later famous for his researches on the influence of water on chemical and physical reactions, taught him chemistry. He won a Brackenbury scholarship at Balliol, and went there in the autumn of 1897. His interests at first were mainly in mineralogy: he had started as a boy to collect minerals, with his father's collection as a nucleus, and his interest was stimulated by hearing Henry Miers lecture at the Society of Arts. So he took mineralogy as an addi tional subject at Oxford, working for a substantial part of his time under Miers. For the rest, he studied chemistry in the Balliol and Trinity College laboratories (see E. J. Bowen, Notes and records (1970) , 25, 227) , tutored by Sir John Conroy, Fellow of Balliol, who shared the teaching with David Nagel, of Trinity. During his first long vacation, he worked on organic chemistry in Munich under Willstatter, then a young Privatdozent. In his second year 'still infatuated with crystals and minerals' he spent the Easter vacation and Trinity Term again in Munich, attending Groth's lectures on mineralogy, and making expeditions to the Dolomites to collect minerals, especially zeolites. His third year (1899-1900) was spent entirely in Oxford, and ended by his obtaining First Class Honours in both chemistry and mineralogy. Immediately after his Schools, he again spent time in the Dolomites, collecting zeolites, returning with a mass of specimens.
Harold's undergraduate interests were not confined to chemistry and miner alogy. Both at the time and later, he delighted in the company of his brilliant Balliol fellow-undergraduates, some of whom remained lifelong friends; in the Sunday evening concerts and in the discussion and play-reading meetings of the Fodringeye Society held after the concerts. He was much interested in Japanese culture, and read that society a paper on the Japanese sacred books.
In 1900 Sir John Conroy died and Harold was immediately appointed Tutorial Fellow of Balliol in his place. This put him at once in a position of heavy responsibility, for the selection and teaching of Balliol chemistry students, for suggesting and supervising their research topics, and (with Nagel of Trinity) for running the joint Colleges' laboratory. Harold continued at first to work on the analysis of his minerals, but found this work not to his taste. He had not, he says, the patience required nor, with his other commit ments, the leisure to spend the necessary long hours at the bench. Other events helped to redirect his interest. H. B. Baker (by then at Christ Church) suggested an agreement among those in charge of the various College laboratories to specialize in different fields of chemistry, Balliol and Trinity taking over the teaching of physical chemistry, then a relatively young subject without strong foundations in Oxford. In 1901, also, Roger Merriman of Harvard invited Harold over to discuss the future of the American Rhodes Scholarships, and there he met Theodore Richards. Harold was greatly impressed by Richards's meticulous attention to experimental techniques, designed to avoid sources of error in advance and to ensure that accurate results could be obtained even by less experienced workers. What Harold learned from Richards profoundly influenced both his methods of research and his teaching of undergraduates.
As one of his last pupils, I was at first appalled by what seemed to me the oldfashioned character of the reading allotted to me during my first term (largely papers by Richards and his followers). I came to appreciate only much later the value of tradition in research and the importance of technique which this reading inculcated. On being shown a set of unsatisfactory results from an experiment done in the undergraduate laboratory, Harold would say, 'Go and do it again'.
In his search for fruitful topics of research, Harold was influenced in the first place by his mineralogical love of crystals. He found in Ostwald's textbook the problem of the spontaneous growth of very small crystals. His practicality is shown by his then systematically reading Beilstein ('very uninviting to read') to search for crystalline substances which are the parents of a large number of derivatives. Finally he settled on triphenylmethane, alleged to crystallize with benzene of crystallization: a phase-rule investigation of its solubility in several solvents was his first independently published experimental work, followed over the years by a number of similar investigations. An investigation of the physical properties of pyridine-water mixtures contradicted earlier, less accurate, work which had claimed to indicate the existence of several hydrates; but, more importantly, a part of this research was the investigation of the electrical conductivity of lithium nitrate in pyridine-water mixtures. This was the precursor of his later, definitive work on the electrochemistry of nonaqueous solutions and, in particular, started his special interest in the solvation of ions.
Already at school Harold had been encouraged by Baker to read and buy old books on chemistry, and his interest in chemical history and tradition was lifelong. In 1901 he gave historical lectures in Balliol, and was encouraged by Cannan, then Secretary of the Oxford University Press, to write them up as a book. This eventually took him 70 years to write (a record, he claimed, in literary procrastination), and appeared in 1971 as Studies in the history of chemistry'. The same interest led to his later service as editor of, and contri butor to, Notes and records.
The start of the 1914-18 war broke into his academic life, which was not resumed until his return (initially in the full uniform of a Brigadier-General) in 1919, when he again took a dominant part in the Balliol and Trinity labora tories. Typically, during the 1914-18 war, he had carried with him a small notebook in which he wrote down ideas for future research. These, following his reading of papers by Rayleigh and Langmuir, included topics in reaction kinetics. Publications in the early 1920s partly followed his previous phaserule interests, but included early work with Hinshelwood on reaction kinetics and with Bowen on photochemistry. His full conversion to electrochemical work seems to have awaited the publication in 1923 of the theoretical work of Debye and Hiickel, which suggested that a more severe test of their theory would be supplied by measurements in non-aqueous solvents than by those in water. From 1925 onwards, all his work was on conductimetric and potentiometric, with some thermochemical, measurements on solutions of uni-uni-valent electrolytes in a variety of non-aqueous solvents. (Debye called him 'the alcoholic Kohlrausch'.)
This work was carried out in the cellars under staircase 16 in Balliol, originally converted into a laboratory by Brodie; there remained till 1935 in one of the rooms an ancient cast-iron cooking range, believed to have been installed by Brodie. One cellar was used mainly for preparative work, with long-columned stills for solvents on kitchen tables that served as benches. Another contained the Kohlrausch conductivity bridge, thermostats and balances; it was maintained at 23-25 °C by a huge bunsen burner whose combustion products passed through an iron drainpipe that looped back and forth on one wall, to prevent the solvent condensing in the cap of the conduc tivity cell. One smaller cellar acted as a store for purified salts, and in a fourth was the Richards 'bottling apparatus'. Scrupulous attention was paid to the purity of both salts and solvents. Protection of both from contamination was ensured by the almost universal use of ground-over stoppers of weighing bottles and flasks, a device he had learned from Janasch in Heidelberg in his early days of attempting the analysis of minerals.
All the procedures were strictly standardized, in accordance with Richards's principles. The student researcher spent his first month or two learning the disciplined techniques of purification, weighing, making-up and transfer of solutions. When it came to the measurements themselves, Harold often took charge of the conductivity bridge, strict silence being maintained while he listened for the minimum note from the oscillator. Preparation for a 'run' and the run itself would take a couple of hours each; then followed calculation of the results on the brass and mahogany 'Arithmometre Paysan'. Harold's close attention extended to the writing-up of the results as a thesis for 'Chemistry Part I I '. He was insistent that the results themselves should be fully and pre cisely displayed in tables, the methods exactly described in the smallest detail, and the discussion consistent with his own high standards of economical and transparent English. Students sometimes felt that these disciplines bore hard upon them. One, when Harold had finished covering a first draft of his thesis with blue pencil, quietly pushed the whole off the desk and into the wastepaper basket. Harold exclaimed, in a horrified tone: 'You can't do that! It's got my comments on it!' To a student who had left the precious notebook, in which every detail of each weighing was recorded, at a coffee party, he exclaimed: 'You can't have lost your Weight Notebook. ' The conductivity measurements, supplemented by the potentiometric measure ments of chosen transport numbers, served as a very thorough confirmation of the basic correctness of the Debye-Hiickel-Onsager theory, at the same time drawing attention to interesting deviations from it. In particular, the theory was shown to be best obeyed by ions of relatively large size, whether this resulted from the structural size of the ions themselves (as with tetraethyl ammonium or picrate) or from their effective enlargement through solvation. Comparative studies in solvents of different chemical type and physical properties (such as methanol, ethanol, acetone, acetnitrile and nitromethane) drew attention to the special character of the hydroxylic solvents in leading to solvation of both cations and anions and so preventing deviations from ideality through ion-pair formation.
Harold's interest in solvation, arising from his early experiments, lasted until the end of his period of academic work. Some of the last experiments were on the special selective effects of small additions of water to electrolyte solutions in non-aqueous solvents, in affecting the hydrodynamic sizes and interactions between ions. He was disappointed that a more thoroughgoing explanation of these effects was not achieved. At one time there was an arrangement with Debye, that he should investigate the problem theoretically, while Harold supplied experimental results. 'But it was a sad day when Debye confessed that the problem was too difficult for him.' Harold's own theoretical ideas do not seem to have been very precisely formulated, and he does not seem to have been fully aware of the difficulty of arriving at even a satisfactory defini tion of the term. He wrote (with others) an admirable summary of the position of conductivity measurements and their interpretation shortly before he left the academic field.
The potentiometric measurements that he undertook with his pupils were less extensive, designed in part (by measurements on cells without liquid junction) to test the predictions of the Debye-Huckel theory on electrolyte activity coefficients in non-aqueous solutions, in part to yield transport numbers so that individual ionic mobilities could be obtained. The same meticulous care went into these as into the conductivity work, though the techniques were never so highly standardized. Harold promoted, though he did not himself take part in, measurements on the viscosities of electrolyte solutions and thermochemical measurements. The latter correlated reasonably well with deviations from ideal behaviour in conductimetric measurements; however, calorimetric techniques at that time were not really adequate for the sensitivity and accuracy required.
In 1926 Harold was elected to the Royal Society, in recognition of his pioneering work in establishing the exact study of the physical chemistry of solutions, in particular of solutions of electrolytes in non-aqueous solvents.
By 1930 the intrinsic interest of electrochemical work of this type appeared to be waning. The main theoretical basis, provided by the Debye-Huckel theory, had been fully confirmed; deviations from it, though interesting, did not then seem susceptible to constructive theoretical treatment. However, the field of work continued to the end to provide a magnificent training for the student. Exact techniques had to be learnt, but required enough detailed modification from case to case to maintain his interest; and new, though not perhaps wildly exciting, results were to be obtained within a short period of starting to work. Moreover, the student was aware of his place in scientific history, using some tried methods that went back several decades, others that were newly devised. Harold expressed this in the words 'I was made to realize the strength of tradition when my tutor, Sir John Conroy, saw me commit one of the minor crimes of the laboratory. He looked at me sadly and all he said 354 was: "Harcourt would have told Dixon, Dixon would have told Baker and Baker would have told you".' There was in those days an emphasis on the 'do it yourself' aspect of equipment. Harold's praise of one of his brilliant pupils, at a Tutors' meeting in Balliol, was 'Oh, best glassblower we've got in the lab. ' The life of a student researcher in '16 Lab.' was an absorbing affair. Every detail of benches, the towering stills, the floods that resulted overnight from a burst rubber connexion of condenser water, the copy of Balzac's Contes drolatiques kept in Brodie's range, the suppers of meat pies and coffee, bought from the stall outside Balliol, remain fixed in the memory. When the last electro chemical work had been done in 1935, R. P. Bell converted the laboratory to kinetic work. Harold's only comment when he saw the place marvellously tidied up was 'Oh, I wish you'd photographed it as it was'.
Towards the end of his life, at least, Harold thought himself 'not a very good scientist'. In a way, he was right. His strength lay in seeing what could be done profitably at the time, taking into consideration the current of interest in the scientific world, the period that a student had in which to learn and to apply techniques, and the technical resources available. This done, he saw to it that everything, from the student's undergraduate training through to final publication of the work, was carried out efficiently, expeditiously and meticu lously. He was fond of quoting Michael Faraday's dictum: 'Work, finish, publish.' Though himself a superb experimenter, he devised no important new technique, but was satisfied with applying, or modifying, those of others. He did not have a deeply penetrating analytical understanding of theory, so that he was able, for example, to make use of, though not to contribute to, the theory of solutions of strong electrolytes. He lacked, to some degree, critical insight into the problem of 'solvation'. He was aware of his limitations, but far from resenting it, was glad when others, including his pupils, were able to go deeper than he could. He was parodied in a story, which he took in the best of good part, of his reply when asked how it is that a saturated salt bridge reduces the liquid-junction potential between two solutions. He was supposed to say (with ample gestures): 'Well, on one side you've got potassium ions going this way. On the other side, you've got chloride ions going that way. I mean, it simply washes it out!' As a teacher of undergraduates, Harold showed the same characteristics. He was anxious, to start with, to obtain the best students possible; he main tained contact with schoolmasters and not infrequently was able to deflect promising school-leavers to Balliol. Once there, the student did not so much receive instruction or explanation as direction as to what he should read and know and how he should be prepared to put forward or defend his views. Typical tutorial remarks were: 'But you must know that!' (jabbing angrily at the blotter with his pen); 'Oh, haven't you read him ? Brilliant fellow!' 'What is your picture of liquid viscosity'; or 'You must pull your knowledge together'. Tutorials were apt, in his busiest times, to take place at his home between 11 p.m. and midnight, or while he was eating breakfast. They could be a terrifying experience for the pupil who came ill-prepared. Efficiency and drive radiated from him; either one was swept along with him, or one found oneself rather miserably on the defensive. He seemed to be always busy and always well organized; characteristically, an inessential conversation would be termi nated by his looking at his watch and saying 'Oh, I must fly'.
His interest in promoting physical chemistry led to his organizing, during the 1920s, a series of summer schools in Balliol for school teachers. These had great effect in improving the standards of chemistry teaching in schools, particu larly in the period just after the 1914-18 war, which had prevented teachers trained before it from keeping up with a rapidly developing subject. Harold took an active part in these himself and obtained the enthusiastic collaboration of Oxford colleagues. No doubt the contacts formed at these schools between teachers and dons were a help in directing able students to Oxford (away from the 'home of science') and so in promoting the growth and prestige of the Oxford Chemistry School.
The Goldsmiths' Company portrait gives a good impression of Harold as many of us knew him: rounded, compact, never physically relaxed; his eyes shining eagerly through the small, steel-rimmed glasses (on which accessory pairs of lense could be placed or removed with prestidigitous rapidity); a half smile on his lips. What the portrait cannot convey is his voice: 'it was surely Edwardian, a mellifluous precision, elegant and shaped by hand-gestures for emphasis: it expressed space, time and assurance'. It could have been, as unkind tradition has it, carefully grafted in early Oxford days on to a London stock. It projected his emphasis on the essential, his impatience with the trivial or irrelevant. It could express the chuckle, 'mischievous or conspira torial', very rarely the laugh; or Olympian dismissal. 'Supplementary Subject ? What he needs is a supplementary kick up the arse.' Earlier photographs show him slimmer, with a sharper nose; in some ways his appearance, in extreme age, more closely resembled that of his youth than of his middle age.
Although brisk and businesslike, Harold took the greatest care with his students and never spared time or attention when these were needed. He was equally concerned with their selection, their undergraduate and research performance, in guiding them into suitable professional work and in their subsequent progress. One pupil was prevented by 'flu from sitting a vital examination for a research scholarship: mysteriously, the examination was postponed for a week. When Harold was told that an ex-pupil had got a job that he thought unworthy of him, his immediate comment was 'Oh, we must get him out of that'. Of a not very able ex-pupil he said 'I think I can absorb him into my organization' (i.e. the Gaslight and Coke Company). His contacts both in the academic world and in industry made him able to place his pupils well, whether in employment or in European laboratories for periods of re search. He never seemed jealous of their successes, rather he felt rightly that he had contributed to them, and took pride in them. In spite of his war-time jottings, he happily left the fields of photochemistry to Bowen and of reaction kinetics to Hinshelwood, of whom he was outstandingly proud.
When he left Oxford in 1930 at the age of 52 for the Vice-Presidency of the L.M.S. Railway, he finished with both teaching and academic research. His motives for the move were certainly complex. He may have felt that, though he had fulfilled an academic career with distinction, the usefulness of his electrochemical researches were becoming less and that, rather than start on new lines of research, he should move into other fields. Certainly, though his devotion to Balliol was undiminished, he felt less at home there than in earlier days. There had been the possibility of his being elected Master in 1923, in succession to A. L. Smith: married as he was to Smith's eldest daughter Gertrude this might have seemed a natural dynastic succession. However, the election went to A. D. Lindsay, also a strong man though in a very different way who, incidentally, like Harold had learnt his own power of authority in the 1914-18 war. The two never saw eye to eye and Harold was seen less in College in the later 1920s.
In 1930 he refused the offer of a non-voting Honorary Fellowship in favour of a less honorific Research Fellowship, with a seat on the Governing Body. In subsequent years, Fellows were apt to receive messages that Harold wanted to see them on a Saturday afternoon; an unpopular time, but they were always there. Harold would be seen walking one of them up and down the quad., in urgent discussion, while others waited their turns. In 1941, when Harold s Research Fellowship came up for renewal, one of the Fellows picked up, from a pile of offprints that Harold had submitted, a relatively pot-boiling lecture and said, 'Is this really what we expect of a Senior Research Fellow ?' Harold was elected an Honorary Fellow instead, and was furious.
On the positive side, there was the opportunity of pioneering, in wider fields, the marriage between scientific thinking and industrial technology. Harold had already had his appetite for this whetted by his sight of the German chemical industry after the 1914-18 war and by his successful involvement with the Gaslight and Coke Company from 1922 onwards. There was the persuasion of Sir Josiah (later Lord) Stamp, who moreover left Harold in no doubt that industry provided a challenge different from that of the academic world. 'Don't forget', Stamp had said to him, 'that when you're writing a paper for the Royal Society you are trying to be 100% right. If you are 60% right in the L.M.S., you're doing well.' In 1914 Harold and his wife, returning from sabbatical leave through Paris, saw signs of mobilization. Shortly after their return to England, war was declared. In accord with the spirit of that time, Harold very soon offered his services to the Royal Engineers; but, in spite of several of his chemistry pupils' already being in the R.E., he was told that his qualifications were insufficient and was sent to join the Leicestershire Regiment at Aldershot. At first the Colonel did not welcome his inexperience, but within a short period his Com pany had earned special commendation for a practice attack and was put on to demonstrate before the King the following day. After this, Harold said, the Colonel embarrassingly sought his opinion about everything.
Harold had however kept his lines of communication open and, early in 1915 when the Germans started to use chemical warfare, he was summoned to the War Office and sent to France as Chemical Adviser to the 3rd Army, then being formed under General Munro (nephew of the then Provost of Oriel). Almost his first experience of the Army Commander was being asked a question. 'Well, sir, I think . . .' he began. 'What the bloody hell do you mean by thinking', roared the General. 'Go away and come back when you know. ' There is no connected account of Harold's activities with the 3rd Army, but he must very quickly have established their confidence in him and acquired confidence in dealing with high-ups. Later, his Army record contained the words 'This officer possesses, to an outstanding degree, the ability to impress officers of senior rank'. Thus, though he had closely to do with Allenby he was never, he said, exposed to a volley of his notorious language. Instead, we find Harold persuading Allenby at midnight to countermand a brigade order to use smoke in an attack early on the following morning because, he argued, conditions were such as to expose the smoke troops (who were his responsi bility) to unnecessary risk. On another occasion, he disposed of a false alarm of a gas attack by tracing the offending smell to latrines and to the smell of the antigas helmets then in use-which led to the replacement of 200 000 helmets. On a third occasion, he cleared shell-holes of lachrymatory gas, which was disabling the work of H.Q., with sodium hydroxide in methanolwater delivered from a watering can. During this period he was mentioned in dispatches and, in 1916, awarded the M.C.
In 1917 he became Assistant Director of Gas Services at G.H.Q., being pro moted Lt.-Colonel, thrice mentioned in dispatches and awarded the O.B.E. In 1918, he was transferred to take charge of the Chemical Warfare Department in the Ministry of Munitions, with the rank of Brigadier-General, and was created C.B.E. He held this post till the spring of 1919 when the nucleus of the Department was transferred to the Directorate of Artillery. Harold then returned to Oxford, where he earned the comment, ascribed to Hinshelwood: These experiences provided Harold with his first tastes of real power and must have helped to establish the confidence in his own authority and powers of persuasion which served him so well later in his career. It was no doubt partly due to his initiation into applied research during the 1914-18 war, and after it in the mission to Germany, that he became increasingly interested in and involved with chemical engineering. In 1922 he became a member of the Society of Chemical Engineers; in 1922 also, probably at the instance of its then Chairman, Sir David Milne-Watson (a Balliol man), he joined the board of the Gaslight and Coke Company. He remained a member till 1945 and was its Deputy Governor during 1942-45. Before this the scientific work of the Company was limited to the obligatory testing of the quality of gas; laboratory research was virtually non-existant. Within a few years Harold had not only established recognition of the role of science in gas-making, but launched a new effort in the application of science to the efficient use of gas and coke. University-trained staff, a number of them his own pupils, were brought in. The example set by the Gaslight and Coke Company spread throughout the industry, revolutionizing the outlook not only of the gas undertakings but also of the suppliers of plant and appliances. This wave of progress spread even further overseas. Scientific employees of the company were encouraged to take a direct practical interest in their work by being supplied with experimental devices (cookers, kettles, fires etc.) for trial in their homes.
As The new task, involving as it did an almost complete break with his academic past, must have looked, and proved to be, a formidable one. In spite of the reorganization, the staffs and facilities of the London North Western and Midland Railways had remained to a large degree separate: research and development, testing and repair work were scattered through a number of semi-independent centres whose activities were imperfectly co-ordinated and between which there was not efficient exchange of information. In particular, Derby and Crewe had maintained much of their previous independence and a tradition of rivalry. The L.M.S. on its formation had inherited no less than 393 separate classes of locomotives and, though some rationalization had been achieved, this was still far from complete. There remained, particularly among older and more senior officers, strong feelings of loyalty to their own original 'lines'. Finally, Harold must have expected an attitude of suspicion towards a newcomer and a 'boffin' without experience of mechanical engineering or of the transport industry.
These difficulties were real ones, and it is probably fair to say that Harold never fully allayed the suspicions held of him or was fully accepted as a railway man, though there were many who came to appreciate both his ability and his achievements. From outside, one felt in him some lack of that full self-confidence that characterized his earlier days. He said once to an Oxford colleague, 'What shall I do when they sack me from the Railway ?' He had, in some quarters, the reputation of being over-busy, particularly with interests outside the L.M.S. There are stories of him, rushing down the corridors of Euston, pursued by his secretary with papers that needed signing; of his not being willing to dele gate, and of keeping the channels of communication too much to himself. Others, however, found him kindly and sympathetic, ready to give full time and attention even to more junior members of his organization; and his powers of chairmanship, his efficiency in briefing himself, his grasp both of detail and of broader issues and his ability to make and to obtain decisions were admired. Such apparent contradictions were intrinsic in Harold's character. He would give infinite attention to aspects that he thought important and he would be impatient of those that he regarded as trivial or irrelevant. This extended to his dealing with people. It has been said of him, 'It isn't that he didn't suffer fools gladly. He didn't suffer them at all'. He did not bother to argue with people who, he thought, were being irrelevant or perverse. In such 360 cases he would say, 'Well, I know' or 'Well, there you are'. A loud silence would follow, he would take that for agreement, and pass on to the next item of the agenda. The minute, always drafted by him, set down simply what he wanted, followed by one word, Agreed. Naturally this tended to antagonize his oppo nents and made him unpopular in their circles. But the fact that he was valued by, and had the ear of, those on the Board who mattered, and the confidence of the more flexible and far-seeing of his junior officers, made possible his great achievements. Here another of his characteristics came strongly into play. His wide scientific and industrial contacts, his excellent judgement of people, and his extraordinary powers ('Hartling') of persuading people to do things, enabled him to collect on to his Research Council distinguished scien tists such as Merton, Jackson and Egerton.
In the structure of the L.M.S., an Executive Committee took the place of a General Manager; it consisted of the President and Vice-Presidents, each responsible for a number of departments, whose chief officers reported to him. Harold was responsible for the departments of the Chief Civil, Mechanical and Electrical, Signal and Telegraph, Road Motor Engineers, the Marine Manager, and the Research Department. It was the establishment of the last of these that was probably Harold's most important and lasting contribution. A Research Council was appointed, consisting of the chief technical officers and a number of distinguished scientists. New research laboratories at Derby were planned and opened in 1935. A locomotive testing station at Rugby was set up jointly by the L.M.S. and the L.N.E.R., to replace the, up till then, imperfect testing of locomotives on open track. Difficulties of course occurred because of the transfers of responsibility that these changes involved; there were at times feelings that the Research Department was too much in the public eye and received credit due to less glamorous departments; and some felt that their direct access to scientific advisers had been replaced by contacts only through the Scientific Research Committee. Nevertheless, his efforts laid the foundations of what is now the world's best equipped and organized rail research centre. His object in applying scientific research was impeccable: in his own words 'to effect economies in working, to give better service by in creased efficiency or safety, to reveal new possibilities and developments, and thus to forecast the future'.
It was Harold who, probably at Lemon's original suggestion, succeeded in persuading Sir William Stanier to leave Swindon and join the L.M.S. as Chief Mechanical Engineer. Only an 'outsider', and one of his eminence, could have initiated and carried through the new policy for mechanical engineering which resulted in the reduction of the types of locomotive to a manageable number and put the L.M.S. in the forefront during the last 20 years of steam traction. Harold and Stanier seem, though they respected one another's abilities, each to have found the other difficult to get on with.
One of Harold's important undertakings was to institute the treatment of boiler feed-water with the object of reducing the cost of the regular scaling of locomotive boilers. Rumour had it, at the time, that the increase of boiler corrosion that resulted from this more than offset the saving achieved. The truth was more complex. Initially, use of the lime-soda treatment, though it got rid of much of the hard scale, did lead to difficulties of steel corrosion, of priming and of damage to track consequent upon the increased use of blowdown. Work continued, both on the control of the treatment process itself and on boiler and locomotive design, which gradually eliminated these diffi culties. If steam traction had continued in use, the work on water-treatment would certainly have proved economically important; however, within the actually limited life of steam traction it seems doubtful whether this proved itself a paying project.
In 1934 To those who heard him speak of air transport, from the first days of the Railway Air Services, it was evident that Harold had a particular affection and enthusiasm for it. Yet his associations with it form, perhaps, the least happy chapter of his life. He remained deeply resentful of Lord Pakenham's action. His appointments called mainly for powers of business administration and only to a relatively minor extent on his ability to apply science to practical ends. In spite of his rail experience, he had not been brought up as a 'transport man'. One hears an echo of his tutorial question 'What picture do you have of liquid viscosity ?' (a very difficult topic, which Harold certainly did not fully under stand) in his question: 'What d'you feel are the essentials for short-haul internal services, in aircraft and organization ?' In spite of the value of his enthusiasm, and of his constantly questing and questioning mind, he remained a scientist and planner, looking at transport problems from the outside. The freshness of his views may not have compensated for lack of the instinctive feel for the whole subject of transport characteristic of a man brought up in it.
His love for and interest in B.E.A. continued to the end of his life. After he left it, he would invite himself to lunch with the senior staff at Head Office and remembered and kept in touch with those with whom he had worked; he insisted on receiving the Annual Reports and wrote concise criticisms upon them.
Harold had defects which made him a less than ideal head of a public corporation. As an administrator he had, perhaps, too much love of detail 362 and he did not have the feel for public relations that such a position calls for. He liked to conduct his operations behind closed doors as far as the public was concerned. He tended to be hostile towards the Press and non-cooperative with Ministers and Civil Servants, regarding members of both classes as amateurs who ought to accept his views without question. He could be scathing about them in private conversation. Harold had no taste or gift for tempering the wind or for suffering those whom, perhaps too readily, he regarded as fools, in the interest of the greater good.
The threat and final outbreak of war in 1939 involved Harold in other acti vities, particularly those related to the availability and use of fuels. His long association with fuel research through the Gaslight and Coke Company and through the Fuel Research Organization made him a natural choice for work of this kind. In 1938 he had become Chairman of a committee of the Ministry of Fuel at the Mines Department, charged with developing alternative fuels for agricultural tractors and road transport: the work on this, done at the Fuel Research Station, led to the development of effective gas producers. He had foreseen the problem of providing high quality fuel for military aircraft and in 1939 he was appointed Chairman of the Government factory for producing 100-octane aircraft fuel. He was also a member of the Advisory Council on Scientific Research. As Chairman of the sub-committee on Axis Oil he was responsible for advising on oil targets for bombing raids. Other problems in which he took close interest were that of limiting smoke emission by coal-fired merchant ships in convoy, in the development of effective flame-thrower fuels, in devices for camouflage by smoke and of water surfaces by coal dust, and in the Fido project for clearing runways of fog.
An example of his attention to detail is quoted from this period. Harold wished to interrogate closely a captured German civilian; he summoned an ex-pupil from the R.A.F. whose duties were first to share the back seat of Harold's car for two days in order to brush up Harold's German, and then to help with and take notes on the interrogation.
Biographical Memoirs

1949-72. T he final period
At the time of his retirement from B.O.A.C. in 1949, Harold was 71; he had been created K.C.V.O. in 1944; he had retired from the L.M.S. in 1945 and had left his other executive positions. Another man might have been content with a quiet retirement. Yet his intellectual powers, his memory, his capacity for broad and accurate grasp of matters new to him, above all his driving force (exerted both upon himself and on others) were completely unabated; the force may even have been greater than ever. Vegetation would have been, for him, unthinkable. His age and (by then) physical infirmity closed important executive positions to him, but he had become a 'natural' for part-time appointments. His long and exceptionally wide experience of science and industry and his enormous range of acquaintance with influential people in both put him naturally into the position of statesman, arbiter and doyen of the 'industrial corps'. His steps were aside rather than up, from Chairman to President. His influence was exerted widely and obviously not only in a whole series of addresses at lectures but also, more importantly and constantly, behind the scenes. All his activities represented continuations of his earlier non-professional interests, or developed from his professional interests. It will be clear that many of these were connected, not only in the person of Harold himself, but also through his, by then, enormously wide circle of friends.
In 1949, on his retirement from B.O.A.C., he became the first Chairman of the Electricity Supply Council, and held this post till 1952; he remained Deputy-Chairman until 1954. He again gathered on to the Council a strong team of scientists, including Appleton, Brunt, Melville, Simon and Sir George Taylor. He himself played an important part in selecting research topics, being especially interested in more efficient means of energy conversion such as the fuel cell. After a temporary absence, in 1961 he was appointed consultant to the Central Electricity Generating Board, was a frequent visitor to their research laboratories, and gave the John Dalton Lecture there in 1966. Throughout this period, until his death, the Board acted generously and imaginatively by providing him with a base in the form of an office or secretary, expecting no more of him than 'the value of the fall-out'.
Since the early 1920s he had been convinced of the importance of chemical engineering, and was constantly active in trying to raise its status and to promote its study. It was a great disappointment to him that it was never established as a course of study in Oxford. From 1951-52 and from 1954-55 he was President of the Institution of Chemical Engineers and did much to ensure that the Institution achieved a standing equal to that of the older Insti tutions. He was awarded its Osborne-Reynolds medal. This interest led, in 1954, to his becoming adviser (at the instance of Sir Robert Wynne-Edwards) to the firm of Constructors John Brown, and, in that context, to a special interest in control engineering. It was clear to him that, in chemical manufac ture, continuous processes must have great advantages over batch processes; but that, to ensure efficient running of a continuous plant, precise monitoring of crucial conditions and correspondingly rapid and precise response of control mechanisms are required. He had always, since his earliest days in academic research, stressed the importance of precise measurement; he now pressed the need for it in industrial practice. In his view, control forms a primary tech nology, 'with its own special basis in mathematics and physics and an immensely wide field of applications, extending from satellites and guided missiles to mechanical production and to the chemical and all processing industries'. It ranked, in his mind, as a subject of importance equal to those of other branches of engineering, which should be studied at universities at both undergraduate and post-graduate levels. Partly through his influence, British universities were by 1970 generally far ahead of those in Europe in this study and, in quality of work if not in quantity, ranked with those of the U.S.A. and U.S.S.R.
From this interest, one in instrument technology sprang naturally. Harold was President of the Society of Instrument Technology (later the Institute of Measurement and Control) in 1957-58, and delivered their Presidential address; later he inaugurated the Institute's Hartley Medal and Hartley Lecture.
A third interest related to chemical engineering that he wished to see de veloped was biochemical engineering; again, he pressed the importance of this whenever he had the chance.
Harold In 1950 he was President of the British Association, and delivered his Presi dential Address on 'Man's use of energy'. Harold's preparation of this address provides a copy-book example of his methods. He was already, of course, an expert on the domestic and industrial uses of electricity and fuels. However, he became impressed by the substantial proportion of total energy usage that food consumption, of man and of animals, forms even in an industrial society. Not being himself expert on this, and wishing to put it in its proper perspective, he quickly had a gang of people (including A. V. Hill, D. D. Woods and the writer) doing 'essays' for him on metabolic processes, muscular contraction etc. The address itself contained a masterly condensation of all this into a few brief paragraphs.
In that year the Duke of Edinburgh was President-elect for the year following. Recognizing Harold's qualities, he obtained his counsel, which was unstintingly given, for his own Presidential address to the Association in 1951. From this acquaintanceship there grew a 'Socratic friendship' between the Duke and Harold which the latter valued enormously. To the end of his life he continued to foster the Duke's interest in scientific and technological development and in its social consequences.
This association led to Harold's becoming Chairman of the Duke of Edin burgh's Oxford Study Conference, in 1956, ' On the human problems of in dustrial communities within the Commonwealth and Empire'.
From the inception of the idea of this Conference, in 1953, Harold enjoyed the confidence and friendship of Prince Philip. He came to be the principal architect and impresario of its success. He was described by Lord Campbell of Eskan as 'a magnificent Grand Old Man, wise, courteous, shrewd and humorous. What impressed us was the immense loyalty, action and hard work which he was able to inspire in others.' The Conference involved the bringing together of 300 hand-picked middle-managers and trade unionists from 30 Common wealth countries to study the problems of industrial communities. Harold's contribution to the Conference itself was as ubiquitously accessible organizer and father-figure. He also provided one of its seminal papers, on 'The view of a technologist of the causes of this era of rapid change and of the material and spiritual problems that man now has to face'. It was remarkable for its range and insight, such as few men, certainly no one purely a technologist, could have given. Plarold was himself somewhat disappointed that the Confer ence was not more successful in bringing managers and trade unionists to a common view; but its general success led to further conferences along the Harold's interest in education, particularly that of scientists, was especially strong in connexion with his old school Dulwich College. He paid public tributes to his education there, particularly to H. B. Baker who taught him chemistry. In 1937 he succeeded Baker, as Oxford representative, as a Governor of the College. In the 1950s he took a lead in approaching industrial donors for funds to build new laboratories and paid detailed attention to their plans. Later, he promoted the building of the Hartley computer centre as part of the school's educational facilities, the funds for which were subscribed by many of his friends and firms with which he had been associated. He represented the school in giving evidence to the Newsom and Donnison Commissions. Finally, his love of painting and art found effective expression in his chairmanship of the College Picture Gallery Committee. He was a constant visitor to the College, up till his ninety-first year when he opened the Hartley centre.
In 1936 Harold was appointed to the Board of the Times Publishing Com pany, apparently to strengthen the Board with respect to the industrial and commercial management of the company's affairs. At his instance an Assistant Manager was appointed. On the whole, though he remained on the Board for 25 years, his experiences of it seem not to have been very happy. These may have led to his impatience with, and mistrust of, the Press which has been mentioned already. His efforts to introduce normal methods of management brought him into conflict with the Manager and with the Chief Proprietor; he was frustrated by what he thought to be an insufficient supply of reports and information to the Board, absence of which he felt would endanger the financial viability of the company. This sense of frustration may have led to his becoming deeply involved with the rebuilding project which involved him in work for which he had no real aptitude. In 1958 he, with other Directors, initiated an investigation of the company's affairs by outside consultants, but their advice was resisted until some eight years later. His main, positively successful, contributions seem to have been to the reorganization of the staff pension scheme in the 1950s, and to the establishment of The Times Science Review. He retired from the Board in 1960.
Harold's interest in the history of science culminated in his 18 years as Editor (latterly jointly with R. V. Jones) of Notes and records of the Royal Society to which he was himself a constant contributor. As part of the Society's Tercentenary Celebrations he edited the special volume Origins and founders of the Royal Society. He saw science, not merely as an academic subject of study-nor only (though he was passionately devoted to this and gave much of his best effort to it) as a basis for applied technological development-but as a great cultural venture that comprised both of these: as an historical sequence, having its nourishing roots in the past and its growing branches thrusting constantly into the future. Pie was neither exclusively forward-nor backward-looking, but had an interest in, and a remarkable grasp of, the whole 366 Biographical Memoirs of the growth in. all its aspects; and he constantly, in his writing and lecturing, tried to awake a like range of interests in others.
Science in all its aspects did not exhaust Harold's cultural interests. He had inherited from his father a considerable collection of, and taste for, English illustrators of the 1860s, of Chinese porcelain, of Japanese prints and of Rosetti drawings. During his own travels he added extensively to this collection, both pictures and objets d'art, with which the houses in which he lived were full to overflowing. He had himself, while still an undergraduate, collected unique Dodgsoniana and a number of Ruskin water-colours. Through Lady Hartley's uncle, Sir Edward Cook, he obtained a fine collection of Ruskin books and manuscripts. Lady Hartley was herself an embroiderer and sketcher. He took an active interest in the Ashmolean Museum, campaigning successfully for its opening on Sunday afternoons. As alwrays, though his tastes were not compre hensive, Harold was exceedingly well informed about the fields in which they lay.
In 1906 Harold married Gertrude, eldest daughter of A. L. Smith who was then Fellow and Tutor, later (1916) to become Master of Balliol. She died in 1970; sadly, they were separated for the last year or two of her life by being immobilized in different nursing homes. Although with interests of her own, she always had Harold's very much at heart and provided a happy home for him almost to the end of his life.
Character and achievements
It is difficult to point to any one important achievement for which Harold was individually responsible because, whether in teaching, in academic research, in the application of science to industry or in administration, he was always working with and through others. Although forward-looking and, by com parison with many others, far-seeing, his mind was not in the highest degree original. He was in the best sense of the word an 'establishment man', passion ately interested in carrying forward development on a broad front, with the agreement and cooperation of at least the majority of influential people. Willing to be a leader, he needed a following. He would adopt a course at the time unpopular if he was convinced that it should, and could, be assured within a reasonable time of general support. For example, he was an early exponent of the need to conserve and control the use of the world's energy resources (see Resources and man, National Academy of Sciences of the U.S.A., 1969), of the importance of coming to a better understanding of the soil in its relation to food production, and of the greater harnessing of microbiological processes. He would spare no effort on his own part, and he would use all his great influ ence and powers of persuasion of others, in support of such a cause. 'He failed as a prophet of the first magnitude because he was unwilling to break away from the acceptable challenges, the known needs, the set pieces'. He 'dismissed the unorthodox, the unconventional, the heretical. He had no ear for their wavelengths at all'. He would call such a person 'a bit of a menace'.
In the kind of thing that he thought ought to be done, Harold was most willing to accept ideas from others and to use for their promotion the enormous range of people, influential in many walks of life, whose confidence he enjoyed.
He knew exactly what each could be got to do, and how to get him to do it, and used this knowledge without hesitation. He always gave credit where it was due, and was in no way anxious for his own, though he appreciated the signs that came to him that his qualities and efforts were appreciated. He greatly enjoyed his honours, his being put into positions of trust and responsi bility, and the regard and attention which his colleagues and friends gave him. Although he loved the feeling of being influential, he never sought to wield political power: nor, though he naturally valued the friendship of influ ential people, was he in the ordinary sense of the word (though some have called him so), a snob or a name-dropper.
Perhaps, in addition to his real passion for the cause of ordered technological development, he derived satisfaction from being au fait with the control of a powerful and complex machine. He had himself some of the characteristics of a machine. Whether through 'nature or nurture', he seems to have inherited the motto of his father's book ( .
E i g h t y -e i g h t n o t out), '
The Pursuing C Not that he appeared to be a conscience-burdened man; but there was within him a drive which made him constantly active, never at a loose end, impatient of delays that interfered with his activities; impatient, too, of what he regarded as trivial or unimportant pursuits. He had no small-talk or liking for conversa tion that did not seem to be leading to a conclusion or to action, or taste for speculation for its own sake. It has been said that he had no sense of humour, yet he could amuse and be amused; only it had to be amusement about some real issue, occasionally about the absurdity of someone else's behaviour or ideas.
Because of this selectivity on Harold's part there is division of witness among those who had to do with him. Some valued the undivided and concentrated attention that he would give them and the subject under discussion, the care that he would take in planting and fostering his proteges in positions suited to their talents, and the marshalling of his own immense energy and ability towards the end in view. Many regarded him with deep affection and witness to the warmth of his friendship. Others were distressed by lack of regard or attention on his part, or by the intolerance of his views. Himself always clear about what should be thought, said or done, he did not conceal his impatience of doubt or lack of clarity in others; there could be a streak of cruelty in his remarks or judgements. No one could regard him as other than formidable. Those not of his school tended to take refuge in tolerant amusement at a distance, though feeling discomfort, through a feeling of being judged or 'got at', at close quarters.
Although these traits seem to have been intrinsic in his character, they were probably exaggerated by the constant pain that he suffered from the arthritis which in his last 3 years confined him to bed. The origin of this is thought to have been an accidental fall from a mule in Cyprus before 1914. Whatever happened then did not impede his physical activity (he was an energetic walker) until 30 years later; but from 1944 on he became increasingly disabled. His courage in the face of this was almost unbelievable. He walked with one, later with two, sticks. He carried everywhere with him, or had carried, an inflated rubber cushion to make seats less intolerable. He would accept help, but never for anything that he could do himself, which included hitching his trousers up from the floor with the crooks of two walking sticks. He delivered lectures from a wheeled chair. When he was finally confined to bed, his room has been described as a 'dynamo of activity'. From his bed he continued to write lectures and letters, to see influential people, always pressing forward with the matters that he had at heart. In spite of serious illness and deafness his mind retained its clarity undiminished, his memory remained undimmed and his force seemed unabated, even to within a very few days of his death.
Harold combined to an altogether exceptional degree the qualities of cease less energy, the power of efficiently organizing himself and others, a high intelligence, a wide range of interests, an enormous, highly retentive and accurate memory, a sense of the relevant, of breadth and length of outlook and of concentration. To these he added warmth and force of personality, great powers of exposition and persuasion, and a capacity for inspiring devotion in others. If his limitations deny him the title of 'great', he was at the least an outstandingly outstanding man of his time.
in particular his early researches and experiences in the 1914-18 war. A copy of this is (with Mr Klouda's permission) also deposited. There is also a tape recording of stories about Harold and his obiter dicta, made by the author of this memoir.
The photograph was kindly provided by the Goldsmiths' Company.
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